The programming aids are divided into two groups: background material for the programmer just starting to work on this computer program and the detailed explanation of the computer generated documentation which is necessary for any programmer to work effectively on this program.
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and Appendices A through E, Volume IV. This table and these appendices also contain vital information which is not found in detailed flow charts.
B. FORTRAN SUBROUTINES
The FORTRAN subroutines contained in ASAJ01 are listed in alphabetical order, except for the main program, C81, which is first. A few remarks are made for each subroutine which indicates its general purpose or use in the general structure of the program. Great detail of explanation is not attempted here since it would be redundant. In the case of multiple entry subroutines, the names of all the entries will be given in the order that they occur in the subroutine. The first entry has the same name as the control section which appears in Table I. 1. G81. This routine is the main program of ASAJ01. This subprogram reads the control cards which diract the flow of the whole problem. The path is selected and calls initiated to begin working the problem. Upon return, possible errors are checked for and appropriate action is taken. If an error is detected, an error message may be printed out. Then the program either terminates execution or starts the next problem, with the severity of the error determining which.
2. AJACOB. This subroutine handles computation of quantities which depend upon variables which are changed in either subroutine TRIM or subroutine STAB, which are used in the calculation of partial derivatives. These quantities are then calculated and used then in the computation of forces and moments.
3. ANAL. Output of this subroutine consists of forces and moments from each surface or mechanism which produces either a force or a moment and the total summation of forces and moments. In the subroutine itself are calculated the forces and moments 7. C0N1. The function of this subroutine is to take the input control group and initialize and calculate quantities which are then used in the computation of the settings of the swashplate from the control position.
CON2
. This subroutine has a similar function to CONl but is more specialized. The quantities which are initialized in this subroutine are confined to control phasing and secondary linking of the controls. 9. CURVET. This subroutine analyzes the time history of selected variables during a maneuver. This analysis is accomplished by a least squares curve fit followed by comparison of both the amplitude and phase angle of different variables. Then one variable is expressed as a linear function of two others.
10. C81L, The function of this subroutine is the transfer to a disk of maneuver time history data which has been stored on a tape or the transfer to a tape of maneuver time history data which has been stored on a disk. 11. DAMPER. This is the variable damper for TRIM. The purpose of this is to gradually dampen out oscillations of the trim iterations. This is accomplished by checking the errors generated in TRIM against an upper limit and, whenever all errors are less than this limit, reducing both the partial derivative increment and the maximum amount which one of the TRIM variables can change in one iteration.
12.
DAT. This is a block data subroutine which contains the alphameric data for subroutine PARA and the alphameric data for subroutines PPLOT and CURVET.
13. DAT1. This is a second block data subroutine which cents in s^primarily GL and CQ tables for the rotors. Other secondary data tables are included but they are of minor importance.
14. PET. In this subroutine is calculated the value of the determinant during the extraction of eigenvalues for a stability analysis. ^6. SLTE. In the part of the stability analysis concerned with the response of the rotorcraft to a step input from one of the controls, this subroutine puts the derivative with respect to the appropriate control in the proper position in the characteristic coefficient matrix. ^♦7. SLTT. After the roots to the characteristic coefficient matrix have been calculated as a result of a modification by SLTE, this subroutine then restores the characteristic coefficient matrix to its original form.
kS, SOLVE. This subroutine solves systems of linear equations by Gaussian elimination.
^9. SRT. This subroutine might be considered as the driver for the finding of the roots of the characteristic coefficient matrix in the stability analysis section.
50. STAB. This subroutine is the primary subroutine in the stability analysis section and it generates or it does the calling for such quantities as the Jacobian, the rate derivatives, and the subroutines which then do the lateral and longitudinal modes analysis.
START.
The function of this subroutine is to change units of the input arrays and set them equal to mnemonics. 52. SWAS1, SWAS. This subroutine performs the function of linking the control to the swashplates with the appropriate linkage factors and phase factors.
53. TABINT. As the name implies, this subroutine does a table interpolation for CL or CD in the rotor analysis. 5k, TILT1, TILT, HSAFt TFFA. This subroutine handles CG shift for several different manners of shifting CG. The primary function is in a mast tilt maneuver. It provides not only for GG shift but also for changes in control phasing as a function of the mast tilt angle. Secondary entries handle CG shift with folding of a rotor either when it is being folded aft after being tilted forward and stopped or being folded horizontally after a stop.
55
. TINIT. This subroutine should be considered as a subsidiary of subroutine MNEM. 56. TRIM. As the name implies, this subroutine is the primary one of the section of the program for finding the stable flight condition. 61. WRFM. This is an output subroutine which writes out the rotor force and moment summary in shaft reference and the fuselage reference force and moment summary.
WR0T1, WROT.
This is another output subroutine which produces the heading for the printout of the input data, the trim page, and the printer plots.
63. WRVP1, WRVP. This is still another output subroutine which produces the printouts of the partial derivative matrices calculated and the independent variables used in the calculation of those derivatives.
6^. YFIX. This subroutine takes the aerodynamic inputs, initializes and changes the dimensions on them and calculates constants for subroutine CLGD.
C. ASSEMBLY LANGUAGE SUBPROGRAMS *
Besides the usual group of software routines furnished by the computer manufacturer and used by numerous programs, ASAJ01 uses three locally written general purpose subprograms. Since they are even more hardware dependant than the FORTRAN subroutines, they are included here only to give a brief description of how they are used by ASAJ01.
The first subroutine, ABDUMP, produces a dump and an abnormal termination of job when it is called. This routine is called by subroutine C81 only.
Subroutine DATE has three entries. They are DATE, SETIME, and TIMEX. The first entry, DATE, returns, as an argument in the calling sequence, the current date; that is, the date on ^mmmmmmmmmmmmm " which the call is executed, in eight characters of alpha. The second entry SETIME has an input only. This initializes a timer for Later use by the third entry TIMEX which has three arguments in the calling; sequence. The first argument is the amount of time used since the beginning of the job step. The second argument is the amount of time that has elapsed since the Last caLL to TIMEX. The third entry in the caLLing sequence has as its vaLue the time Left; that is, the number which was input at entry SETIME minus the first argument in TIMEX.
Function DOTX is the third subprogram. It is basicaLLy a vector dot product. The first input argument is the first eLement of the first vector. The second argument is the spacing between consecutive eLements of the first argument which are to be used in the dot product. The third argument is the first eLement of the second vector to be used in the dot product. The fourth argument is the spacing between eLements of the third argument.
The fifth argument is how many eLements are in the dot product. Ihe effect of the second and fourth arguments is to make the routine general enough that tensors of any order may be used as the first and third arguments. The major purpose of the function is to accompLish doubLe precision accumuLation of products of singLe precision vectors in minimum time.
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SECTION III DETAILED PROGRAMMING AIDS
A. CONTROL SECTION CROSS-REFERENCE
The information contained in Table I is C81 calls STAB, STAB calls LAMODE or LMODE, LAMODE or UiODE calls MODE, MODE calls SLTE, SLTE calls SRT, and SRT calls DET or ROOA. With this sequence of calls in mind, the operation "Called By" refers to MODE; "Calls" refers to SRT; "IS Used By" refers to C81, LAMODE, LMODE, and STAB; "Uses" refers to DET and ROOA.
It should be noted that, for subroutine AJACOB, there is the peculiarity that subroutine ITRIM appears for both "Called By," and "Is Used By." This means that subroutine AJACOB is called by ITRIM which also calls JACOBI which then calls AJACOB.
B. DEFINITION OF VARIABLES IN COMMON
Appendix A, which is a dictionary of the variables in common, is for use in conjunction with Append ces B through F. In the format given, the variables are first sorted by length, one-letter variables first, two-letter next and so on. Within a group of equal length, the variables are then sorted into alphabetical order. Since it is possible to have a number in a variable name, numbers follow the letter Z.
Note that in some places the variable definition begins with a -iiuber in parentheses or a group of numbers separated by commas, all within parentheses. This means that the variable is an array and its size is given. Any array that has » subscript with a maximum value of "2" is a rotor variable. The variable with the subscript one, for example B(l), refers to the first rotor, and the variable with the*subscript two, for example B(2), refers to the second rotor. Sometimes, one of these variables, which is dimensioned two, is defined by two more variables. Again, B is a good example. Variables are usually easily recognizable in the cases where one variable is defined in terms of another. It is always easy to check if some set of letters or a word is a variable by referring to the proper place in Appendix A. Local variables are not defined because it is assumed that a local variable may have its meaning deduced from how its value is calculated. Appendix E is used to group the variables for the labeled Commons.
C. CROSS-REFERENCE OF VARIABLES IN COMMON
D. FORTRAN LISTING
The FORTRAN subroutines are listed in Appendix F in alphabetical order except for the main program, C81, which is first. 
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